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Abstract

Background The iliocapsularis muscle is a little known

muscle overlying the anterior hip capsule postulated to

function as a stabilizer of dysplastic hips. Theoretically,

this muscle would be hypertrophied in dysplastic hips and,

conversely, atrophied in stable and well-constrained hips.

However, these observations have not been confirmed and

the true function of this muscle remains unknown.

Questions/purposes We quantified the anatomic dimen-

sions and degree of fatty infiltration of the iliocapsularis

muscle and compared the results for 45 hips with deficient

acetabular coverage (Group I) with 40 hips with excessive

acetabular coverage (Group II).

Patients and Methods We used MR arthrography to

evaluate anatomic dimensions (thickness, width, circum-

ference, cross-sectional area [CSA], and partial volume)

and the amount of fatty infiltration.

Results We observed increased thickness, width, cir-

cumference, CSA, and partial volume of the iliocapsularis

muscle in Group I when compared with Group II. Addi-

tionally, hips in Group I had a lower prevalence of fatty

infiltration compared with those in Group II. The

iliocapsularis muscle typically was hypertrophied, and

there was less fatty infiltration in dysplastic hips compared

with hips with excessive acetabular coverage.

Conclusion These observations suggest the iliocapsularis

muscle is important for stabilizing the femoral head in a

deficient acetabulum. This muscle serves as an anatomic

landmark when performing a periacetabular osteotomy.

Additionally, preoperative evaluation of morphologic fea-

tures of the muscle can be used as an adjunct for decision

making when treating patients with borderline hip dyspla-

sia or femoroacetabular impingement.

Introduction

The iliocapsularis muscle (also called iliacus minor or

iliotrochantericus) is a little known, but uniformly present

muscle overlying the anterior hip capsule (Fig. 1) [29]. It

originates from the anteromedial hip capsule and anterior-

inferior iliac spine (AIIS). Its insertion is located just distal

to the lesser trochanter (Fig. 2) [29]. Although the true

function of the iliocapsularis muscle is unknown, it has

been suggested the iliocapsularis muscle tightens the hip

capsule [1, 26, 29]. Theoretically, this is particularly

important in dysplastic hips, where this muscle contraction

would help stabilize the femoral head in the deficient

acetabulum. If this is correct, then one would anticipate the

muscle would be hypertrophied in dysplastic hips and,

conversely, atrophied in stable and well-constrained hips

with excessive acetabular coverage. Supporting this theory,

Ward et al. [29] observed a more prominent iliocapsularis

muscle when performing periacetabular osteotomy for hips

with dysplasia compared with surgery in nondysplastic hips

(acetabular and femoral head fractures). However, these
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observations have not been confirmed and the true function

of this muscle remains unknown.

The aims of this study were to quantify (1) the anatomic

dimensions (thickness, width, circumference, CSA, and

partial volume), and (2) the degree of fatty infiltration of

the iliocapsularis muscle in hips with deficient and exces-

sive acetabular coverage.

Patients and Materials

Using our digital institutional database, we identified

421 patients (480 hips) with developmental dysplasia of the

hip (DDH) or excessive acetabular coverage (pincer type of

femoroacetabular impingement) [10], who were seen at the

outpatient clinic from November 1997 to October 2006 and

who were younger than 50 years. In all cases after con-

ventional radiography, a specific MR arthrography for the

hip had been performed [18]. We excluded 42 patients

(48 hips) with a history of known hip disorders (eg, Legg-

Calvé-Perthes disease), two patients (two hips) with muscle

disorders (eg, muscle dystrophy), 79 patients (90 hips) with

previous hip surgery, six patients (six hips) with skeletally

immature hips (Stage 4 or less, according to Risser [20]),

12 patients (14 hips) with advanced osteoarthritis (Stage 2

or greater, according to Tönnis [27]), and 51 patients

(58 hips) with incomplete or nondigital radiographic doc-

umentation. This left 229 patients (262 hips). We compared

the morphologic features of the iliocapsularis muscle

between two groups with different amounts of acetabular

coverage: one with deficient coverage (DDH, Group I) and

one with excessive coverage (Group II).

The allocation to either group was based solely on

conventional AP pelvic radiographs as follows. DDH

(Group I) was defined as a lateral center edge angle (LCE)

less than 25� [19] with a minimal acetabular index of 14�
[28], and classified according to Crowe et al. [2] (Table 1).

Hips with an excessive acetabular roof (Group II) were

defined as hips with a LCE angle exceeding 39� [28] on the

AP pelvic radiograph. One hundred forty-seven patients

(177 hips) did not meet these radiographic criteria, leaving

82 patients (85 hips) for evaluation; 45 patients (45 hips)

for Group I and 37 patients (40 hips) for Group II. The two

groups were demographically similar (Table 1).

A standardized technique was used for the AP pelvic

radiographs: film-focus distance (1.2 m), patient position-

ing (supine, legs 20� internally rotated), and xray beam

centering (midpoint between the symphysis and the line

connecting the anterosuperior iliac spines) [25]. One

observer (SDS) analyzed the individual acetabular mor-

phologic features using validated computer software,

Hip2Norm (University of Bern, Switzerland) [24, 32]. The

descriptive parameters were the LCE angle [30], acetabular

Fig. 1 An axial MR image shows the iliocapsularis muscle (dashed

line) anterior of the hip. Five parameters were measured to describe

morphologic features of the muscle: thickness (a), width (b),

circumference (dashed line), cross-sectional area (dashed line), and

fatty infiltration according to Goutallier et al. [11]. Muscle thickness

(a) was measured along a radial line (dotted line) passing through the

femoral head center (F). The width (b) was measured perpendicular to

the thickness (a).

Fig. 2 The cadaver dissection shows the anterior aspect of the hip.

The iliocapsularis muscle (IC) originates from the anterior-inferior

iliac spine (AIIS) and the anterior hip capsule (C). Its insertion is

located just distal to the lesser trochanter (LT).
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index [28], extrusion index [19], and femoral head cover-

age [24, 25] (Table 1).

MR arthrography was obtained according to a stan-

dardized technique [18]. In brief, the scans were performed

using a Siemens Vision 1.5-T high field scanner (Erlangen,

Germany) with a flexible surface coil after fluoroscopic-

guided intraarticular injection of saline-diluted gadolinium-

DTPA (Dotarem 1:200, Guerbert AG, Paris, France).

Transverse, sagittal, and coronal proton density-weighted

and T1-weighted sequences were assessed. The axial slices

used for measurements had a slice thickness of 4 mm and

slice-to-slice distance of 4.8 mm. Commercially available

software, Osirix (Version 3.7, Geneva, Switzerland), was

used for analysis [21]. The outline of the iliocapsularis

muscle was defined manually on each MRI section from

the origin of the muscle at the AIIS to the first section

inferior to the femoral head. These margins were chosen

because they represented the maximum available length of

the muscle seen on the MR images for all patients.

We measured four parameters to describe the anatomic

dimensions: thickness, width, circumference and CSA.

Additionally, the degree of fatty infiltration of the muscle,

according to Goutallier et al. [11], was assessed. All

parameters were measured at two locations: 4 cm below

the AIIS (Location A, according to Ward et al. [29]), and

the first section inferior to the femoral head (Location B)

(Fig. 3). One of us (DB) measured all parameters in the

95 hips. The muscle thickness was measured along a radial

line passing through the femoral head center (Fig. 1). The

width was measured perpendicular to the thickness

(Fig. 1). Based on the manually defined outline of the

iliocapsularis muscle, the circumference and the CSA were

calculated automatically. Finally, the partial volume of the

iliocapsularis muscle from its origin at the AIIS to Location

B was calculated for each patient. All parameters were

compared between the two groups, for all patients, and for

men and women.

The reproducibility and reliability of these measure-

ments were tested using a set of 25 randomly chosen hips.

The blinded images were analyzed by two independent

observers (DB, SDS) on two separate occasions at least

1 week apart. Intraobserver and interobserver variations in

measuring the iliocapsularis dimensions and the classifi-

cation of Goutallier et al. [11] were assessed using the

intraclass correlation coefficients (ICC) and kappa value,

respectively (Table 2).

A normal distribution was present for all continuous

parameters, which were confirmed with the Kolmogorov-

Smirnov test. Unpaired t-tests were used to compare the

two study groups. Fisher’s exact test was performed to

Table 1. Demographic and radiographic data

Parameter Group I (dysplasia) Group II (excessive coverage) p Value

Hips (number) 45 40 –

Age of patients (years) 34 ± 9.7 (17–49) 33 ± 11.0 (17–49) 0.69

Gender (% male) 45 31 0.13

Right hips (%) 47 45 0.53

Weight (kg) 71 ± 16 (48–110) 69 ± 11 (52–93) 0.66

Male 80 ± 12 (65–101) 77 ± 8 (67–93) 0.42

Female 66 ± 16 (48–110) 64 ± 9 (52–85) 0.54

Height (cm) 171 ± 9 (157–188) 171 ± 9 (159–192) 1.00

Male 178 ± 8 (165–188) 179 ± 7 (170–192) 0.70

Female 167 ± 6 (157–176) 167 ± 6 (159–182) 0.96

BMI (kg/m2) 25 ± 5 (18–37) 23 ± 4 (18–32) 0.11

Male 25 ± 4 (19–32) 24 ± 4 (20–30) 0.31

Female 25 ± 5 (18–37) 23 ± 4 (18–32) 0.22

Crowe classification [2]

Grade 1 43 – –

Grade 2 2

Grade 3 0

Grade 4 0

LCE angle (�) [30] 14 ± 9 (�16–24) 45 ± 5 (39–59) \ 0.001

Acetabular index (�) [28] 21 ± 6 (14–38) �1 ± 6 (�13–14) \ 0.001

Extrusion index (%) [19] 34 ± 8 (22–57) 9 ± 4 (0–14) \ 0.001

Femoral coverage (%) [24, 25] 64 ± 12 (32–87) 92 ± 6 (79–100) \ 0.001
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assess associations between categorical variables. Assum-

ing a mean normal muscle width of 2.15 cm, an estimated

standard deviation of 0.5 cm, and a 20% muscular hyper-

trophy [3], we calculated a minimum sample size of

35 hips for each group to provide a level of alpha of 0.01

and a beta of 0.10.

Results

We observed increased thickness, width, circumference,

CSA, and partial volume of the iliocapsularis muscle in

Group I compared with Group II (Table 3). Increased

muscle dimensions were found in Group I for men and

women separately, except for the muscular depth in men at

Location A (Table 3).

Group I had a lower prevalence (p = 0.04) of fatty

infiltration compared with Group II at both locations

(Table 3). There was no difference in terms of fatty infil-

tration for men between the two study groups for either

location (Table 3). For women, there was a lower preva-

lence (p = 0.03) of fatty infiltration for Group I at

Location A (Table 3).

Discussion

The increased demand of a muscle or muscle groups causes

hypertrophy of the corresponding muscular fibers [22].

Conversely, decreased demand leads to muscular hypo-

trophy and fatty infiltration [31]. Based on the postulated

function of a hip stabilizer [29], we questioned if dysplastic

hips have (1) increased anatomic dimensions (thickness,

width, circumference, CSA, and partial volume), and

(2) less fatty infiltration of the iliocapsularis muscle,

compared with hips with excessive coverage.

The first and main limitation was our inability to mea-

sure the muscle dimensions along its entire course, owing

to the standard MRI protocol with a field of view optimized

to detect intraarticular disorders [18]. The standard proto-

col does not necessarily include the distal portion of the

iliocapsularis muscle. Therefore, the calculated muscle

volume for the study patients (Table 3) is smaller than the

total muscle volume. Second, we did not adjust the abso-

lute dimensions of the iliocapsularis muscle to height or

weight of the individual patient. However, a comparison of

these absolute values is still eligible as the two study

groups did not differ demographically (Table 1). Third,

Fig. 3A–B An (A) MR image

and (B) three-dimensional draw-

ing show the two locations for

measurement of muscle mor-

phology and fatty infiltration:

4 cm below the AIIS (Location

A), and on the first section

inferior to the femoral head

(Location B)

Table 2. Reliability and reproducibility of the evaluated study parameters

Parameters ICC/Kappa intraobserver 1* ICC/Kappa intraobserver 2* ICC/Kappa interobserver*

Depth 0.95 (0.89 – 0.98) 0.94 (0.86 – 0.97) 0.82 (0.66 – 0.91)

Diameter 0.90 (0.78 – 0.95) 0.93 (0.85 – 0.97) 0.80 (0.66 – 0.90)

Circumference 0.93 (0.85 – 0.97) 0.95 (0.90 – 0.98) 0.88 (0.83 – 0.92)

Cross-sectional area 0.94 (0.87 – 0.97) 0.92 (0.82 – 0.97) 0.81 (0.69 – 0.90)

Classification of Goutallier et al. [11] 0.85 (0.70 – 1.00) 0.80 (0.61 – 0.98) 0.79 (0.72 – 0.87)

ICC = intraclass correlation coefficient; * mean (95% confidence interval).
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a false-positive fatty infiltration of the iliocapsularis muscle

theoretically can result from intramuscular or perimuscular

injection of the contrast agent if not applied correctly.

However, this is rarely seen in our series and therefore

should not jeopardize the conclusions.

The true function of the iliocapsularis muscle is

unknown [29]. Based on the additional origin of the muscle

on the hip capsule, it was postulated that it can tighten the

anterior hip capsule [1, 26, 29]. Although, based on static

concept, this should help stabilize the femoral head in

dysplastic hips with deficient anterolateral acetabular

coverage. Presumably the instability of the hip causes

chronic overloads and shear forces, which are most pro-

nounced in full extension and external rotation of the

hip [17], motions where the iliocapsularis is maximally

stretched. This would explain the muscle hypertrophy

(Fig. 4). This hypertrophy may passively assist in con-

straining the femoral head in the deficient acetabulum. In

hips with acetabular over-coverage, stabilization of the

femoral head already is provided by the bony anatomy. A

strong iliocapsularis muscle is superfluous. As shown in

our study, the iliocapsularis muscle atrophies with fatty

infiltration (Fig. 4).

Despite reports in the literature [14], the iliocapsularis

muscle is a constant muscle and does not vary in human

beings [29]; we found it in all patients. It also can be

identified in primates [13], rats [5], reptiles [12], or birds

[8]. We found only two reports describing the dimensions

of the iliocapsularis muscle in human beings. Fetterolf [6]

reported an approximate muscle width of 1 cm, and Ward

et al. [29] reported a thickness of 0.4 cm to 1 cm and a

width of 1.8 cm to 2.5 cm at Location A. Although these

numbers are similar to ours, a direct comparison is not

possible owing to lack of complete descriptive statistics

(mean, standard deviation). In primates, the width of the

iliocapsularis ranges from 1 mm to 1.6 cm, depending on

the species [13].

We found only one study examining the structural

variations and abnormalities of the iliocapsularis muscle.

Kuhlman et al. [16] suggested that a hypertrophied ilio-

capsularis muscle would lead to excessive traction of the

capsulolabral complex with subsequent labral disorders.

Based on our observations, for several reasons it is more

likely that those hips have symptomatic hip dysplasia

rather than a primary disorder of the iliocapsularis muscle.

First, the origin of the muscle is the AIIS and not the labral

complex [29]. Therefore, detachment of the labrum by

excessive traction of the iliocapsularis muscle is unlikely.

Second, the hypertrophy of the iliocapsularis muscle is

related to the deficient acetabular coverage and not a

pathologic entity. Third, the observed labral tears in

patients with DDH are related to increased joint contact

pressure [23].T
a
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Although rarely mentioned, we believe the iliocapsularis

muscle is clinically relevant as it serves as an important

anatomic landmark in hip surgery. Its anteromedial border

can be used to identify the joint capsule during periace-

tabular osteotomy using a modified Smith-Petersen

approach [9]. It also is helpful during anterolateral or direct

lateral approaches in identifying the iliopsoas tendon dur-

ing tenotomy [4]. The anterolateral border of the

iliocapsularis muscle is described as the ideal location for

the capsulotomy in anterior THA [15]. Additionally, our

observations can be used in daily clinical practice for

decision making in patients with borderline cases of DDH

[7, 28] or femoroacetabular impingement. Here the surgical

strategy refers to the predominant underlying pathomech-

anism, which can be determined with the help of secondary

morphologic alterations. Patients with a large iliocapsularis

muscle without fatty infiltration most likely have acetab-

ular dysplasia. These patients typically have a large labrum

[17]. Improvement of the acetabular coverage, such as by

periacetabular osteotomy [9], represents the causal therapy.

Patients with an atrophied and fatty-infiltrated iliocapsu-

laris muscle more likely have over-coverage of the

acetabulum (pincer type of femoroacetabular impingement

[25]). The labrum typically is small in these patients [17].

Reduction of the anterolateral acetabular coverage should

be considered, either by trimming the excessive portion of

the acetabular rim or reorientating the acetabulum with a

periacetabular osteotomy.

The iliocapsularis muscle is a constant muscle whose

size and quality vary depending on the morphologic fea-

tures of the acetabulum. Our observations suggest it is

important to stabilize the femoral head in a deficient ace-

tabulum, where it typically is hypertrophied. In hips with

excessive acetabular coverage, stabilization of the femoral

head is provided by the bony anatomy. This leads to a

decreased demand of the iliocapsularis muscle, followed by

hypotrophy and fatty infiltration. MRI can be used to pre-

operatively evaluate the iliocapsularis muscle and to assist

Fig. 4A–D (A) A drawing and

an axial MR arthrography slice

from a dysplastic hip (Group I, at

4 cm below the AIIS [Location

A]) shows increased size (thick-

ness, width, circumference, CSA)

of the iliocapsularis muscle (IC)

with decreased fatty infiltration

compared with (C) the drawing

and (D) axial MR arthrography

slice of the iliocapsularis muscle

in a hip with excessive acetabular

coverage (Group II). F = femoral

head, A = acetabulum, PA =

psoas major muscle, PI = psoas

minor muscle, I = iliacus mus-

cle, R = rectus femoris muscle,

S = sartorius muscle, TF = ten-

sor fascia muscle, MI = gluteus

minimus muscle, ME = glu-

teus medius muscle, MA = glu-

teus maximus muscle, O =

obturator internus muscle, PE =

pectineus muscle, A = femoral

artery, V = femoral vein, N =

femoral nerve, C = hip capsule.
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with treatment decisions in patients with hips having

deficient or excessive acetabular coverage, and particularly

in borderline cases.
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